I. Introduction
===============

Cervical lymph node metastasis affects the prognosis of patients suffering oral squamous cell carcinoma (OSCC)[@B1][@B2]. Not only cervical metastasis with extranodular spread, but also occult metastasis reduce survival[@B3][@B4]. Therefore, physical examination, computed tomography (CT), ultrasonography, magnetic resonance imaging (MRI), positron emission tomography combined with CT, and sentinel node biopsy have been used to detect cervical lymph node metastasis from OSCC[@B5][@B6][@B7][@B8][@B9]. However, undetected metastatic tumors might still be present as occult metastasis in some patients[@B10].

The underlying mechanism of cervical lymph node metastasis from OSCC has been of interest. It is widely accepted that carcinoma cells undergo epithelial mesenchymal transition during the process of metastasis[@B11]. Epithelial mesenchymal transition of OSCC cells has been attributed to protein kinase B and transforming growth factor beta signaling, which activate transcription factors such as zinc finger protein SNAI1 [@B12][@B13]. Cells in this transition are known to gain phenotypes that facilitate invasion and migration.

However, the anatomical factors that contribute to the metastatic process have not been fully evaluated. Typically, a significant proportion of OSCC of the posterior mandibular alveolar ridge tends to invade the mandible in its early course of disease owing to its proximity to the bone and is staged as T4a on the basis of bone invasion in the current American Joint Committee on Cancer cancer staging guidelines. Although the extent of mandibular invasion, evaluated by CT images, has been reported to be correlated with lymph node metastasis, evidence that bony invasion directly causes cervical lymph node metastasis is lacking[@B14].

OSCC of the posterior mandibular alveolar ridge can invade nearby muscles or soft tissue spaces. The mylohyoid muscle forms the floor of the mouth adjacent to the mandible, and the buccinator muscle constitutes the buccal cheek. The sublingual space lies over the mylohyoid muscle, while the masticator space is positioned posteriorly. As far as the authors are aware, there has been no correlative study associating invasion into the aforementioned tissues with cervical lymph node metastasis. MRI and its superior soft tissue details have allowed detection of such invasions. An association between OSCC invasion into soft tissue and cervical lymph node metastasis will carry diagnostic implications.

In this report, we used preoperative MRI to correlate the status of probable anatomic etiologic factors with cervical lymph node metastasis in OSCC of the posterior mandibular alveolar ridge. Additionally, we examined the presence of lymphatic vessels in the mandible and attached muscles using immunohistochemical methods.

II. Materials and Methods
=========================

This study reviewed 113 patients who underwent mandibular resection surgery for ablation of OSCC in the Department of Oral and Maxillofacial Surgery, Seoul National University Dental Hospital (Seoul, Korea), during the period of January 2001 to March 2007. Patients with a history of neoadjuvant therapy were excluded from the study. Patients were further refined by excluding those with lesions located in any region other than the mandibular molar region. Finally, 26 patients with previously untreated squamous cell carcinoma of the posterior mandibular alveolar ridge were analyzed. Of these patients, 17 were male, and the average age at diagnosis was 64 years. The diagnoses were confirmed by histopathologic examination. The follow-up period ranged from 6 to 160 months, with an average of 69 months.

Twenty-four patients underwent neck dissection, and presence of cervical lymph node metastasis was determined by histopathologic examination of the neck specimen. Two patients with untreated neck were followed-up for at least 91 months with no evidence of cervical lymph node metastasis.

All patients underwent preoperative MRI before surgery. As we speculated that anatomical factors of the primary tumor would influence cervical lymph node metastasis, we assessed factors such as greatest tumor dimension, bone marrow invasion, sublingual space invasion, masticator space invasion, buccinator muscle invasion, and mylohyoid muscle invasion. Invasion of the bone marrow was assessed by determining the presence of tumor signals in the marrow space, in continuum to the primary tumor.([Fig. 1. A](#F1){ref-type="fig"}) Invasions of the sublingual space and masticator space were evaluated similarly.([Fig. 1. B, 1. C](#F1){ref-type="fig"}) Both buccinator muscle invasion and mylohyoid muscle invasion were determined by the integrity of the representative muscles and the presence of adjacent tumor.([Fig. 1. B, 1. D](#F1){ref-type="fig"}) An additional factor of muscle invasion was determined by presence of tumor invasion in at least one of the aforementioned muscles. The correlation of the factors assessed on MRI, as well as age and sex, with cervical lymph node metastasis was assessed by Fisher\'s exact test with a significance level of 0.05. SPSS Statistics 17.0 (SPSS Inc., Chicago, IL, USA) was used for statistical analysis.

Overall survival was also analyzed in relation to the forenamed factors as well as cervical lymph node metastasis. Survival time was determined as the interval in months between the date of surgery and death or the final follow-up visit for censored cases. A log-rank test was conducted to compare survival distribution according to presence or absence of each factor.

To verify the presence of lymphatic vessels at the tumor margin, immunohistochemistry was performed with tissue samples obtained from the study group. Representative specimens were obtained based on the availability of the tissue sample and the ability to identify the orientation of the tumor and the adjacent anatomical structures. Paraffin sections were cut (4 µm), deparaffinized, mounted on glass slides, and rehydrated. To identify the presence of lymphatic vessels, the rehydrated tissue sections were incubated with monoclonal anti-podoplanin antibody (1:100; AngioBio, San Diego, CA, USA) for 15 minutes. To confirm the identity of the capillary structures, complementary staining was performed with monoclonal anti-CD34 antibody (1:300; Immunotech, Prague, Czech Republic). Bound primary antibodies were visualized with the Bond Polymer Refine Detection kit (Leica, Wetzlar, Germany). Samples were observed and recorded using an optical microscope (Olympus, Tokyo, Japan) equipped with a charge-coupled device camera.

III. Results
============

The associations between the assessed factors and cervical lymph node metastasis are shown in [Table 1](#T1){ref-type="table"}. Mylohyoid muscle invasion was associated with cervical lymph node metastasis. When mylohyoid muscle invasion and/or buccinators muscle invasion were combined as a single factor, the combinational factor of muscle invasion was also associated with cervical lymph node metastasis. No other variable was related to cervical lymph node metastasis.

The results of the log-rank test are shown in [Table 2](#T2){ref-type="table"}. Cervical lymph node metastasis had a negative effect on overall survival. Additionally, masticator space invasion was associated with reduced survival. No other variable had a significant impact on survival.

Podoplanin is a lymphatic endothelial cell-specific marker, while CD34 is expressed in blood vessel endothelial cells[@B15]. In the bone marrow, no lymphatic vessels were identified within or near the tumor by anti-podoplanin antibody staining.([Fig. 2. A](#F2){ref-type="fig"}) However, podoplanin-expressing endothelial cells were present in the submucosal connective tissue.([Fig. 2. B](#F2){ref-type="fig"}) Tubular structures present in the bone marrow were stained by anti-CD34 antibody, demonstrating its vascularity.([Fig. 2. C, 2. D](#F2){ref-type="fig"}) Lymphatic vessels were identified in muscles attached to the mandible and near the tumor invasion fronts within these muscles.([Fig. 2. E, 2. F](#F2){ref-type="fig"})

IV. Discussion
==============

Several factors are known to be related to cervical lymph node metastasis. Depth of invasion, tumor thickness, tumor consistency, and histologic differentiation of the tumor have been correlated with cervical lymph node metastasis in squamous cell carcinoma of the tongue[@B16][@B17][@B18][@B19]. In regard to carcinoma of the mandibular gingiva, advanced T stage, histologic or radiographic evidence of mandible invasion, and degree of tumor differentiation have been identified as predictive factors of cervical metastasis[@B20]. Ogura et al.[@B14][@B21] have reported that extent of both maxillary and mandibular bone invasion was predictive of cervical lymph node metastasis in gingival cancers.

Our results demonstrate that muscle invasion by squamous cell carcinoma of the posterior mandibular alveolar ridge is associated with cervical lymph node metastasis. Bone marrow invasion was not significantly associated with cervical lymph node metastasis. Although muscle invasion did not significantly affect survival, there was a tendency for better survival in patients without muscle invasion. Furthermore, the results of immunohistochemistry are concordant with the aforementioned results of our study and the findings of Edwards et al.[@B22], which depict the absence of lymphatic vessels in normal cortical or cancellous bone. Intuitively, tumor portions lacking intra-tumoral or peri-tumoral lymphatic vessels are not suspect for cervical lymph node metastasis.

One possible explanation for our results is that muscle contracture could facilitate lymphatic drainage of cancer cells. High incidence of cervical lymph node metastasis from early OSCCs of the oral tongue or floor of the mouth[@B23] supports this concept as these locations are the mobile subsites of the oral cavity. In contrast, tumors overlying the mandible might be shielded from distortion caused by muscle contracture.

It is noteworthy that bone marrow invasion was significantly associated with muscle invasion (*P*=0.001). This association implies that bone marrow invasion is a confounder in the association between muscle invasion and cervical lymph node metastasis. Previous reports that correlate the extent or pattern of mandible invasion to cervical lymph node metastasis can be interpreted in this context[@B14][@B24].

The diagnostic value of muscle invasion for predicting cervical lymph node metastasis in patients with OSCC of the posterior mandibular alveolar ridge was limited. Our results show a negative predictive value of 100% (8/8). However, the positive predictive value was 50% (9/18). Thus, presence of muscle invasion alone might not be sufficient for determining elective neck dissection. The survival benefit of elective neck dissection in patients with muscle invasion remains to be elucidated. The high negative predictive value of muscle invasion for diagnosis of cervical lymph node metastasis also requires further validation by large-scale, prospective studies.

V. Conclusion
=============

The results of our study reveal the association between muscle invasion and cervical lymph node metastasis in squamous cell carcinoma of the posterior mandibular alveolar ridge.
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![Anatomical factors assessed on preoperative magnetic resonance imaging. Examples of bone marrow invasion (arrow) (A), sublingual space invasion (arrowhead) and buccinator muscle invasion (arrow) (B), masticator space invasion (arrow) (C), and mylohyoid muscle invasion (arrow) (D) are shown.](jkaoms-42-133-g001){#F1}

![Immunohistochemical stainings of sections from representative specimens are shown. No lymphatic vessels are identified in the tumor front within the marrow space of the mandible (A), while lymphatic vessels (arrows) are present at the submocosa overlying the mandible (B). Both [Fig. 2. A and 2. B](#F2){ref-type="fig"} are different areas of the same section stained with anti-podoplanin antibody (A: ×100, B: ×200). With no evidence of lymphatic vessels near the bone marrow invasive tumor front in the anti-podoplanin-stained section (C) (×100), the capillary structures are variously stained by anti-CD34 antibody in a serial section (D) (×100). In contrast with the bone marrow, muscles attached to the mandible contain numerous lymphatic vessels (arrows) (E), thus when the tumor invades the muscles, they have close access to the lymphatic vessels (F). [Fig. 2. E and 2. F](#F2){ref-type="fig"} stained with anti-podoplanin antibody (E: ×200, F: ×100).](jkaoms-42-133-g002){#F2}

###### Correlation of factors to cervical lymph node metastasis (CLNM)

![](jkaoms-42-133-i001)

  Factor                             CLNM (--)   CLNM (+)   *P*-value
  ---------------------------------- ----------- ---------- -----------
  Age (yr)                                                  
   ≥70                               5           3          
   \<70                              12          6          1.000
  Gender                                                    
   Female                            7           2          
   Male                              10          7          0.418
  Greatest dimension of tumor (mm)                          
   \<40                              14          6          
   ≥40                               3           3          0.628
  Bone marrow invasion                                      
   Absent                            7           0          
   Present                           10          9          0.058
  Sublingual space invasion                                 
   Absent                            10          4          
   Present                           7           5          0.683
  Masticator space invasion                                 
   Absent                            16          7          
   Present                           1           2          0.268
  Buccinator muscle invasion                                
   Absent                            8           2          
   Present                           9           7          0.399
  Mylohyoid muscle invasion                                 
   Absent                            13          3          
   Present                           4           6          0.046^\*^
  Muscle invasion                                           
   Absent                            8           0          
   Present                           9           9          0.023^\*^

(-: negative, +: positive)

^\*^*P*\<0.05.

Values are presented as number of patients.

###### Differences in overall survival distributions

![](jkaoms-42-133-i002)

  Factor                           Chi-square   *P*-value
  -------------------------------- ------------ -------------
  Age                              0.019        0.890
  Gender                           0.010        0.919
  Greatest dimension of tumor      0.412        0.521
  Bone marrow invasion             2.434        0.119
  Sublingual space invasion        0.035        0.851
  Masticator space invasion        5.565        0.018
  Buccinator muscle invasion       1.316        0.251
  Mylohyoid muscle invasion        2.482        0.115
  Muscle invasion                  2.985        0.084
  Cervical lymph node metastasis   8.946        0.003^\*\*^

^\*\*^*P*\<0.01.
